Background: A gelatinous implant containing polymethylmethacrylate (PMMA) beads is successfully used to augment the diminished thickness of the chorium in patients with skin defects and wrinkles. The aim of the present study was to determine whether submucosal injection of PMMA microspheres into the lower esophageal folds decreases the severity of symptoms and acid reflux in patients with GERD. Methods: Endoscopic submucosal implantation of PMMA was carried out in 10 patients with GERD who were either refractory to or dependent on proton pump inhibitors. Symptom severity score, 24-hour pH monitoring, upper GI endoscopy, and EUS were performed to evaluate the efficacy of implantation. Results: A significant decrease in the symptom severity score and mean total time with esophageal pH less than 4 was noted after the implantation of PMMA (p < 0.05). Seven of 10 patients were taking no medication after PMMA implantation. There were no serious procedurerelated complications. 
The use of biocompatible materials as tissue augmenting factors is an established procedure in urological and plastic surgery. Implantation of polydimethylsiloxane and polytetrafluoroethylene particles has been successfully used to treat intrinsic urethral sphincter deficiency, 1,2 vesico-ureteral reflux, 3 and incontinence 4 after radical prostatectomy.
Implant-related complications such as granulomatous reaction 5 and migration 6 as well as concerns about the association of silicone fluid with connective tissue disorder 7 have given impetus for the development of a better implant. The ideal implant should be biologically and chemically inert, nonmigrating, durable, and should induce a negligible foreign-body reaction.
Polymethylmethacrylate (PMMA) was first used in human applications in 1936 for dental prostheses. Through continuous improvements in manufacturing, it has taken on many of the properties of an ideal implant. Hence, it is successfully used in plastic surgery to augment the diminished thickness of the chorium in cases of skin defects and wrinkles.
Apart from its well-documented biocompability, 8 PMMA microspheres of 100µ have a smooth, completely round surface that permits injection through a needle, hinders phagocytosis and migration from the implantation site, and evokes negligible foreign body reaction. 9 The substance used as a carrier for PMMA is a heated 3.5% bovine spongious encephalitis-free gelatin solution, characterized by the removal of gelatin's allergenic ends.
The prepared implant is a 1:3 suspension of PMMA in gelatin solution. After implantation, the gelatin (75% of total volume) is phagocytized by macrophages within 3 months and replaced by fibroblasts and collagen fibers, a reaction that is stimulated by PMMA spheres (25% of total volume). 10, 11 The spheres are encapsulated by connective tissue, which replaces 50% of the gelatin volume as demonstrated by histologic assessment. 12 Thus, at least two thirds of the total volume of the implant remains at the site of injection. There are no detectable changes in the histologic picture of the implant and surrounding tissue complex after 4 months. These properties of PMMA implant render it an attractive tissue bulking factor. Therefore, our hypothesis was that the submucosal injection of PMMA into the lower esophageal folds 13 could reduce gastroesophageal acid reflux and symptoms of GERD.
PATIENTS AND METHODS
The study was approved by the Scientific and Ethical Committee of our center, and all patients gave written informed consent. Ten patients (7 women, 3 men, mean age 52.6 years, range 23-73 years) who were proton pump inhibitor (PPI)-dependent or with refractory GERD were included in the study. All patients had been treated continuously with omeprazole for 6 months: 40 mg daily for the first 2 months and 20 mg daily for the following 4 months. Nine patients had symptomatic (heartburn, acid regurgitation) relapses 1 week after discontinuation of the treatment; 1 patient had symptom recurrence at least twice a month despite PPI treatment. All 10 patients had an abnormal 24-hour esophageal pH program with omeprazole. Exclusion criteria were pregnancy or lactation, a hiatal hernia of greater than 3 cm in length, known immune deficiency or current use of corticosteroids, known connective tissue disease, positive PMMA skin test, peptic stricture, and Barrett's esophagus.
The primary outcome variable assessed was the severity of GERD symptoms before and after PMMA injection. The assessment method used was a GERD symptom core in which heartburn, regurgitation, pain, and dysphagia were scored from 1 to 5 (Likert scale) with 1 indicating absence of symptoms and 5 intolerable symptoms. 13 The assessment was carried out 1 week before PMMA injection by patient and physician in a face-to-face visit. Post-PMMA injection, patients were asked to keep a monthly diary of their symptom severity score. All diaries were reviewed, and the final score was assessed in a face-to-face interview at the end of the follow-up period. The following investigations were performed in all patients before PMMA injection and 4 to 6 months post-PMMA injection:
1. 24-hour esophageal pH monitoring (Digitrapper MK III, Synectics-Medical, Stockholm, Sweden). The pH probe was positioned 5 cm proximal to the manometrically determined lower esophageal sphincter. A complete manometric study was not performed. The percentage of total time the pH was less than 4 and DeMeester score were used for evaluation. A pH of less than 4 for less than 4% of the total time and DeMeester score of less than 17.5 were considered normal. 2. Upper GI endoscopy.
EUS of the distal esophagus.
A test injection before implantation of PMMA is not required for plastic surgery. However, skin tests and antibody titers to gelatin (enzyme-linked immunosorbent assay) were performed in all patients because of the much larger volume of implanted PMMA. Antibiotics were not administered prophylactically.
With the patient under intravenous sedation and pulse oxymetry monitoring, endoscopy was performed with a flexible sigmoidoscope (CF-140, Olympus America Corp., Melville, N.Y.) to visualize the squamocolumnar junction (z-line). The sterilized PMMA implant material was prepared in 3-mL syringes and injected into the submucosa 1 to 2 cm proximal to the z-line through a shortened 90-cm catheter with a 4 mm long, 21 gauge retractable needle (GI Asp.N, Wilson-Cook, Winston-Salem, N.C.) (Fig. 1 ). Five to 6 injections in different sites were performed until the induced thickening of the esophageal folds resulted in their close approximation (Fig. 2) . This was the end point of each implantation session. A second or even a third session, with the same treatment end point, was performed 2 weeks later if reflux symptoms (heartburn, regurgitation) were not controlled.
Statistical analysis included paired Wilcoxon's signed ranks test analyzed on SPSS 0.8 statistical software (Microsoft, Inc., Chicago, Ill.). Statistical significance for p was fixed at equal to or less than 0.05 as standard.
RESULTS
Endoscopic injection of the PMMA implant was carried out successfully in all 10 patients. A mean volume of 31.77 mL (range 24-39 mL) was injected. Each ses- sion was performed as an outpatient procedure and was accomplished in 10 to 30 minutes. The mean follow-up period was 7.2 months (range 5-11 months). Submucosal implantation of PMMA brought about a decrease in the GERD symptom score in 9 of 10 patients. The mean symptom severity score in the 10 patients declined significantly from 12.2 (range 9-16) before injection to 6.2 (range 5-8) after the implantation (p = 0.005). There was also a fall in the mean total time with pH less than 4 as recorded by 24-hour pH monitoring. The mean preinjection value in the 10 patients was 24.51 (range 9.8-32) and the mean posttreatment value was 7.2 (range 5-10.4). This difference was significant (p = 0.007). The mean DeMeester scores before and after the implantation were 74.6 (range 27-94.5) and 25.24 (range 16.5-32) ( Table 1 , Fig. 3 ). This difference was significant (p = 0.005).
Complete discontinuation of medical treatment occurred in 7 of 10 patients. Three patients continued taking anti-reflux medication during the postimplantation period: 2 were using H2 receptor antagonists on demand and 1 continued regular use of a PPI.
By using the Los Angeles classification system, 14 at initial endoscopy 5 patients had esophagitis (1 grade A, 3 grade B, 1 grade C). During follow-up (mean 7.2 months, range 5-11 months) healing of esophagitis was noted in 3 of 5 patients (2 grade B, 1 grade C). Improvement from grade B to A was noted in 1 patient, whereas the endoscopic findings (grade A) remained unchanged in 1 patient. Neither granulomas nor ulceration was detected in any patient. There were no serious complications.
EUS was performed immediately after injection to verify the submucosal position of the implant. At follow-up examinations, EUS demonstrated the continuing presence of PMMA particles at all sites in all 10 patients (Fig. 4) .
After treatment, 9 of 10 patients were able to resume eating during the evening of the day on which the implantation was performed and to resume their normal activities on the next day. Chest pain requiring treatment for 2 days with an orally administered analgesic agent was experienced by 2 patients. Minor self-limited bleeding occurred in 1 patient. Minor transient dysphagia and gas-bloat syndrome of 3 weeks' duration was recorded in 1 patient after treatment with a total volume of 39 mL of implant. Serum antibodies to bovine gelatin did not develop. Clinically recognizable early or late allergic reactions were not observed in any case.
DISCUSSION
Submucosal injections of the biologically and chemically inert, long-lasting PMMA implant in this small study proved to be a safe procedure. Implantation of PMMA was found to be moderately difficult because of the high viscosity of the compound. To overcome this, the shorter length flexible sigmoidoscope was chosen, which was capable of reaching the z-line while accommodating a large lumen needle-catheter. The procedure of submucosal injection with a 21-gauge needle and implantation of PMMA was well tolerated. Over 4 to 6 months follow-up, implantation of PMMA resulted in significant improvement of GERD-related symptoms in 9 of 10 patients, as evidenced by a significant decrease in the mean symptom severity scale score. Although the percentage of total time of esophageal pH values less than 4 decreased significantly, this measurement did not normalize post-treatment in any patient. Similarly, DeMeester score values decreased significantly during the postimplantation period, but normalized in only 1 of 10 patients. Therefore, the discontinuation of PPI treatment in 7 of 10 patients cannot be easily explained. A possible explanation could be that reflux episodes, although not completely eliminated, were reduced significantly so that symptoms did not occur. Alternatively, there may be a placebo effect for the implantation procedure.
Only minor and self-limited complications occurred in 4 of 10 patients. Transient dysphagia and gas-bloat syndrome recorded in one case were thought to be due to excessive treatment with implantation of a total volume of 39 mL during a short period. This complication may have been prevented if incremental treatment with less than 20 mL of implant was used in each session. PMMA injection was not associated with local or systemic complications. There was absence of antibody response in the serum of all patients after treatment.
With regard to the long-term results of implantation, the nonabsorbable, nonmigrating particles of PMMA may decrease symptoms of GERD. Although the intermediate-term results of PMMA implantation look promising at 4 to 6 months follow-up, longer follow-up studies are needed before a sustained benefit can be established. 
